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Structural stability and vibrational spectrum
The molecular structure of the monomer (1) and the four conformers of the (1)-dimer are optimized using a conjugate gradient algorithm with an energy-based convergence criterion. To validate the (local) ground state nature of the conformers, the vibrational spectrum is determined using the finite difference approach as implemented in the VASP code.
1 Direct diagonalization of the obtained Hessian matrix of the dimers resp. monomer resulted in three vibrational modes with zero amplitude (corresponding to translations), and five resp. four imaginary modes corresponding to three molecular rotations and two resp. one modes corresponding to the rotation of the methyl groups. [2] [3] Investigation of the potential energy surface (PES) of the methyl rotation of the monomer (cf., Figure S2 ), however, shows the optimized structure (rotation of 0°) to be the ground state. This indicates there is a mixing of the vibrational modes, making it necessary to project out both translational and rotational modes of the molecules. Before we construct this unitary matrix, the centre of mass of the system is shifted to the origin.
Since the systems coordinates are provided under periodic boundary conditions, we adapt the scheme suggested by Bai and Breen. This approach only breaks down if the centre of mass component in the plane of the circle is located at the origin, which would indicate a uniform distribution of the atoms along this specific (infinite) periodic direction. In this degenerate case, any point along this direction would be a valid centre of mass, so the Cartesian component is defaulted to zero.
With the system shifted to the centre of mass, the columns of the unitary matrix corresponding to the translations are given by an (infinitesimal) unit translation of the system along each of the three Cartesian directions. This is done using mass-weighted coordinates , = √ , .
.
The three columns corresponding to the rotations on the other hand represent (infinitesimally) small rotations around the three principal axes of rotation of the system. The principal axes of rotation are calculated as the eigenvectors, , , of the moment of inertia tensor:
An infinitesimal rotation of atom around the principal axis , will then be oriented along the tangent of the circle performed by the position vector : , = × , .
This allows us to write the three columns corresponding to the rotational modes as: Applying this approach to the hessian matrices of the monomer and dimers shows all structures to be in a local minimum with no imaginary modes remaining. As a result, these clean vibrational spectra can be used to calculate the vibrational energy contributions to the Gibbs free energy. Figure S2 . Gibbs free energy of formation of the four different conformers. This observation has some important consequences. Firstly, it shows that a mismatch between the simulated and experimental spectrum cannot be resolved by a single unique shift of the simulated spectrum. Secondly, a scaling of the spectral range cannot resolve such a mismatch either.
Gibbs free energy
However, using the obtained knowledge that sub-groups exist in the spectrum, it is possible to obtain a more closely related qualitative comparison with experiment by using a different shift for each sub-group. This is implemented in our HIVE toolbox. 3 We have selected the best fit shift for each of the groups defined in the manuscript based on the comparison of the HHc conformer spectrum and the experimental spectrum, and applied these same shifts to the subgroups of all 4
conformers. The resulting (shifted) spectra are shown in Figure S4 and S5. The shifts used for the different subgroups are shown in Table S1 . Figure S6 . Ball-and-stick representation of a HHc dimer of (1). The atomic sites giving rise to the simulated oxygen NMR spectrum are indicated. Table S2 . Calculated chemical shift δ (ppm), sorted smallest to largest. The atomic site indicated, as defined in Figure S6 , with A and B used to distinguish between the monomers making up the dimer. Table 1).   20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170 Chemical shift (ppm) Swelling ratio (%)
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